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@ Polymeric thickeners for aqueous-based coatings. 

@ A polymeric thickener containing one or more polymer stages wherein : 

at least one of said polymer stages is an lonicaliy-sduble polymer, said ionically-soluble polymer 
being polymerbsd from a monomer mixture comprising ; 

a) from about 0.1 to about 55% by weight of at least one first hydrophobic monomer , 

b) from about 10 to about 60% by weight (CrCao) ethylenically-unsaturated. ionlzable monomer, and 

c) from about 0.1 to about 90% by weight nonlonic (Ct-Csq) ethylenlcally-unsaturated ntononner, 

the improvement being characterized In that from about 10 to 100 weight % of said nonlonic (Cr<^ 
ethylenlcally unsaturated monomer (c) is at least one second hydrophobic nKinomer selected from the 
groupoonsistlng of styrene, bu^ aoylatOp ethylhexyi acryiate, lauryl acrytate, stearyl acrylate, methyl 
mettecrylate, and bu^ methaciylate is disclosed. The thickeners are useful in aqueous-based coatings 
for improving early blister resistance, viscosity stability and/or heat age stability. 
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POLYMERIC THICKENERS FOR AQUEOUS-BASED COATINGS 



This invention is concerned with a single or multiple stage thidcener for aqueous-based coatings. More par- 
ticulariy, the invention concerns a hydrophobically-modified, ionically-soiuble emulsion thickener which pos- 
sesses unexpected Improvements in the early blister resistance of aqueous-based coatings when applied to 
5 chalky substrates. 

Many pH-responsive thickeners are known In the art and are used to thicken water-based compositions. 
These thickeners are generally based upon the incorporation of a hydrophobic surfactant monomer or chain 
transfer agent into a hydrophilic, polymeric backbone. The traditional backbone composition for these thicken- 
ers primarily Included monomeric acid, such as acrylic or methacrylic acid, and an alky) acrylates or methao- 
10 rylates. Ethyl acryfate had been selected as the comonomer of choice. The present invention relates to 
unexpected performance property advantages resulting from the selection of comononrter other than ethyl aery- 
late. The hydrophobic surfactant component is primarily derived from a polyethoxylated alkyl group, it is 
believed that these molecules thicken water solutions or aqueous-based coating composittons , such as for 
example latex paints, through two mechanisms; hydrodynamic volume expansion firom hydration of the 
IS hydrophilic backbone polymer chain, and hydrophobic associations between the hydrophobic species in the 
thickener molecules themselves and / or with other hydrophobic surfaces. It should be appreciated that these 
mechanisms are merely theoretical postulations. and should not be construed as limiting the present invention. 

Several patents disclose pH-responsive or lonlcally-responsive, thickeners and the various linkages con- 
necting the hydrophobic surfactant component to the polymer backbone. 
20 U.S. Patent No. 4,384,096 discloses liquid emulsion polymers useful as pH-responslve thickeners contain- 
ing an acrylate or methacrylate linkage. 

U.S. Patent No. 4,569,965 discloses crotonate-containing polymeric thickeners. 

U.S. Patent No. 4,464,524 discloses polymer thickeners containing maleate linkages. 

U.S. Patent No. 4,663,365 discloses copolymers of alkyl poly(oxyalkyiene) itaconic di-esters. 
25 U.S. Patent No. 4,616,074 discloses acrylic-methylene succinic ester emulston oopdymerB for thickening 
aqueous systenris. 

U.S. Patent No. 4,338,239 discloses thickener copolymers having allyl giyddyl ether linkages. 
U.S. Patent No. 4,514,552 discloses alkali soluble latex thickeners containing urethane linkages. 
U.S. Patent No. 4,600,761 discloses thickener copolymers containing isocyanato ethyl methacrylate Un- 
do kages. 

European patent publication No. 0216479 discloses polymeric thickeners containing allyl ether linkages. 
The polymeric thickeners of the prior art have several disadvantages which have adversely affected their 
perfomnance in paint applicatkins. The disadvantages of the prior art thickeners are loss of viscosity upon heat- 
aging and colorant addition, decreased scrub resistance, and blistering over chalky substrates. 

as The Inventkin disclosed in U.S. copending application Serial Number 352,226 overcomes neariy all these 
disadvantages of the prior art thickeners by providing multi-stage polymer particles wherein an ionically<^oluble 
thickener copolymer (preferably base-soluble) has been physically or chemically attached (either directly or 
Indirectly) to another (preferably base-insoluble) polymer stage. When the polymer particles of that Invention 
are incorporated Into water-containing compositions and neutralized with a base or acid, a portion of the loni- 

40 cally-solubie polymer stage remains attached to the remainder of the polymer particle. 

In further evaluations of the ionlcally-soluble thickener component of the multistage polymer particles of 
the above-Mentifled invention, we unexpectedly found that selected compositional nrxxlificatlons to the back- 
bone of the ionicaliy-soluble thickener polymer thereof provided significant improvements in certain properties, 
particulariy when the thickener is used alone as the sole stage . These improvements include : improving the 

45 eariy blister resistance of aqueous-based coatings over chalky substrates; improvements In resistance to vis- 
cosity loss on the additton of predispersed colorants, and improved viscosity stability on heat aging. 

In accordance with the present invention, there is provided an improved polymeric thickener containing one 
or more polymer stages, wherein at least one of said polymer stages is an ionlcally-soluble polymer, and where 
the tonlcally-soluble polymer being polymerized from a monomer mixture comprising: 

50 a) from about 0.1 to about 55% by weight of at least one first hydrophobic monomer , 

b) from about 10 to about 60% by weight (C3-C30) ethyienically-unsaturated, ionizable monomer, and 

c) from about 0.1 to about 90% by weight nonionic (CrCao) ethyienically-unsaturated ntonomer, and where 
the improvement is characterized in that from about 10 to 100 weight % of said nonionic (C2-C30) ethylenl- 
cally unsaturated monomer (c) is at least one second hydrophobic monomer selected from the group con- 

65 sisting of styrene. butyl aciylate. ethylhexyl acrylate. lauryl acrylate, stearyl acrylate. methyl methacrylate, 
and butyl methacrylate and mbctures thereof. 
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In the case where the polymer is a multistage polymer particle, the ionlcaily-soluble polymer is physically 
or chemically attached to the polymer particle such that, upon neutralizing said ionically-soluble polymer with 
base or acid, at least a portion of said ionlcaily-soluble polymer remains attached to the remainder of said 
polymer particle: and where said ionically-soluble polymer comprises from about 1% to about 99% by weight 
5 of said nriultistage polymer particle. 

Further, the Inventbn is directed to means for improving the early blister resistance and the viscosity stabi- 
lity upon heat aging and colorant addition of aqueous-based coatings. 

This Invention relates to Improved ionically-soluble polymers which are useful as thickeners. The tonlcally- 
soluble polymers are useful in a variety of applications such as inks, adhesives, coatings, paints, pigment dls- 
10 persants, textile thickeners, cosmetic formulations, oil well drilling fluids, liquid detergents and water treatment 
The polymers of the present invention exhibit surprising improvements in viscosity stability upon additton of 
predispersed colorants , early blister resistance and viscosity stability upon heat aging. 

The improved lonlcally-soluble polymers of this Invention may contain one or more polymer stages wherein 
at least one of said polymer stages is an ionically-soluble polymer.and where the prefenred ionlcaily-soluble 
IS polymer is formed by polymerizing a monomer mbdure of ; 

a) about 0.1 to about 55% by weight of at least one first hydrophobic monomer having the formula; 

[Rl-(A)a-(CH2CHO)b-(CH2CH20)c-(CH2CHO)d-CH2CH U-X 
20 ' I I 

R2 R3 R* 



^ where A is -0-, -S-, -N-, -C- -C-O- or -0-C-0-; 

I II I II It 
Rs O Rs O O 

30 Ri Is (C1-C30) alkyl, a (mono-.di-.or tri-) (Ci-Cao) alkyl-substituted phenyl ring, or a sorbitan fatty ester; 

Rs Is H, (Ci-Cao) alkyl, a (mono-,di-,or tri-) (C1-C30) alkyl-substituted phenyl ring, or a sorbitan fatty ester; 

R2, Rs and R4 independentiy are -H or (C|-Cio) alkyl, aryl or alkylaryl; 

aisOorl; 

b is 0 to 50; 
35 c is 0 to 150; 

d is 0 to 50; 

e is equal to or greater than 1 ,and 

X is a group containing at least one ethylenic double bond; 

b) from about 1 0 to about 60% by weight of at least one (CrCao) ethylenically-unsaturated, tontzable mono- 
40 mer. and 

c) from about 0.1 to about 90% by weight of at least one nonlonic (C2-C30) ethylenically-unsaturated mono- 
mer, the improvement being characterized in that from about 1 0 to 1 00 weight % of sakJ nontonic (C2-C30) 
ethylenically unsaturated monomer is at least one second hydrophobic mononner selected lirom the group 
consisting of styrene, butyl acrylate, ethylhexyl acrylate. lauryl acrylate. stearyl acrylata, methyl methao- 

45 rylate, butyl mettiacrylate. and mixtures thereof, and 

d) optionally from 0 to about 10% by weight of one or more multi-functional compounds. 

The Improved properties of the ionically-soluble polymer results from ttie selection of one or more of the 
above-Mentified second hydrophobic monomers in component (c) . In our prior patent application the prefarred 
ionically-soluble polymer was primarily formed from ethyl acrylate. We unexpectedly have found that partial or 

50 complete substitution of ethyl acrylate with one or more of the above-identified second hydrophobk: mononrters 
provides a thickener with improved properties. 

"Ionically-soluble" as used herein means that the polymer is substantially soluble in water when ionized 
by pH adjustment or chemical reactton (such as quaternlzation). ionically-soluble preferably means that the 
polymer is either acid-soluble or base-soluble as defined herein. The tenn "acid-soluble" as used herein means 

55 that the polymer is substantially soluble in an aqueous medium which has been adjusted with acki to a pH of 
atKHJt 9.0 or less. The term "base-soluble" as used herein means that the polymer is substantially soluble in 
an aqueous medium which has been adjusted witti base to a pH of about 5.0 or greater. The term "tonically- 
Insoluble" as used herein means that the polynner Is not ionically-soluble as defined above. 
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Preferably the monomer mixture for preparing the ionicaliy-soluble polymer comprises from about 2 to 
about 20% of said first hydrophobic monomer (a). Preparation of such first hydrophobic monomers which can 
be used In this inventton is described in many literature references, such as U.S. Patent No. 4,075.411. The 
first hydrophobic monomer can be represented by the following structural fonmula: 

lRr(A)a.(CH2CHO)b-(CH2CH20>c-(CH2CHO)d-CH2CH le-X 
t I I 

R2 R3 R4 

where A is -0-, -N-, -C- -C-O- or -0-CO-; 

I II i II II 
1% O Rs O O 

Ri is (C1-C30) alkyl. a (mono-,dl-,or tri-) (CrCao) alkyi-substltuted phenyl ring, or a sorbltan fatty esten 

R5 is H, (Ci-Cso) alkyl, a (mono-.di-,or tri-) (CrCao) alkyl-substltuted phenyl ring, or a sorbltan fatty ester; 

R2. Ra and R4 independently are -H or (CrCto) alkyl, aryl or alkylaryl; 

a isOor 1; 

b Is 0 to 50; 

c is 0 to 150; 

d Is 0 to 50; 

e is equal to or greater than 1 ,and 

X is a group containing at least one ethylenic double bond , but preferably Is selected from the group con- 
sisting of acrytates, methacrylates, crotonates. maleates (mono-and dl-esters), fumarates (mono- and di-es- 
ters). itaconates (mono-and di-esters). ethylenically*unsaturated urethanes. allyl ethers, methaliyi ethers and 
vinyl ethere. 

lonizable monomer (b) 

The tonically-soiuble polymer can be either an acid-soluble polymer or a base-soluble polymer. The acid- 
soluble polymer stage comprises from about 10 to about 60% by weight (C3-C30) ethylenically unsaturated, loni- 
zable monomers such as N. N-dimethylamIno ethyl acrylate; N, N-dimethylamIno ethyl methacrylate; N, 
N-dlethylamino ethyl acrylate; N, N-diethylamIno ethyl methacrylate; N-t-butytamino ethyl acrylate; N-t-butyla- 
mlno ethyl methaayate; N, N-dimethylamino propyl acrylamide; N, N-dlmethylamIno propyl methacryfamlde; 
N, N-dlethylamino propyl acrylamide; N, N-diethylamino propyl methacrylamide; p-aminostyrene; N. N-cyc- 
lohexylallylamine; 3-N, N-dimethylamino neopentyl acrylate; 3-N, N-dimethylamIno neopentyl methacrylate; 
ailylamine; diallylamine; dimethylallylamine; N-ethyt dtmethallylamine; N-ethylmethallylamine; 2-vinylpyrMine; 
4-vlnylpyridine; vinyl imidazole; and crotyl amines. 

Preferably the lonteally-soluble polymer Is a base-soluble polynrar %vhereln said (C3-C30) ethylenlcally- 
unsaturated, lonizable monomer (b) is a carboxylic acid monomer. The carboxylic acki monomer used in the 
polymerizatton of the base-soluble polymer preferably has the chemical fonmula: 

R6CH=C-COOH 
I 

R? 

where is -H, -CH3 or COOY; R7 is -H, (C1-C4) alkyl or -CH2COOY; and Y Is -H or 

(C1-C10) alkyl. Suitable carboxylic acid monomers Include, for example, acrylic add, methacrylic acid, Itaconte 

acid, fumaric acid, maleic acid and crotonic add. The most preferred cariEwxylic acid nronomer is methacrylte 

acid. 

Nontonic monomer ( second hydrophobic monomer) (c) 

The nonionic ethylenically unsaturated monomer (c) useful in this invention is one or more second 
hydrophobic monomers selected from the group consisting of styrene. butyl acrylate, ethylhexyl acrylate, lauryl 
acrylate, stearyl acrylate. methyl methacrylate, and butyl methacrylate. used alone or in combinatton with each 
other. These monomers may used with other such monomers having the chemical formula; 
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CH2=C-Z2 

I 

Zi 

5 

Where Zi is -H, -CH3 or O; Z2 is -CN, -CI, -COORa. -C6H4R0.- 



00 
10 II II 

COCH2CH2OCCH2CH3, -CHO, -CH=CH2, or -OCRio; 

I I 

O 

IS 

where Rs is C1-C10 atkyl or C2-Ca hydroxyalkyi, and 
R9 is -H, -CI. -Br or Ci-Cio alkyi; and 
Rio is C1-C10 alkyi. 

The tonicaily soluble polymer of the Invention is fonmed from about 5% to about 50%, preferably from about 
20 10% to about 40%, and more preferably rom about 10% to about 30%, on the weight of the polymer, of one or 
more of the selected hydrophobic monomers (c): styrene, butyl acrylate, ethylhexyl acrylate, lauryl acrylate, 
stearyt acrylate, methyl methacrylate, and butyl methacrylate, used alone or In combination with each other. 
Preferably from about 10 to about 50 weight percent of said nonlonic (C2-C3o)ethylenically-unsatuFatad mono- 
mer (C) is butyl acrylate. 

25 We have found that butyl acrylate, styrene . ethylh exyl acrylate and lauryt acrylate are the preferred second 
hydrophobic monomer8(c) since thickeners prepared therefrom demonstrate Improvements in viscosity stability 
upon heat aging arui upon colorant addition. The improvement in early blister reduction with thickeners employ- 
ing butyl aciytate and styrene, was dearly unexpected. This early blister resistance improvement was most 
significant when the hydrophobic comonomer was employed at a minimum' concentration of about 30 percent , 

30 while Improved viscosity stability was achieved when the hydrophobic comonomer was employed at minimum 
concentrations of about 1 0 percent 

Stearyi acrylate provkled an improvement in viscosity stability upon colorant addition but no significant 
change In heat age performance, while butyl methacryiate and methyl methacrylate provided Improvements In 
heat age peifbnnance but not in colorant addition. 

3$ 

Multifunctional monomer (d) 

Multi-functional compounds as used herein means; a) compounds having two or more sites of unsaturation, 
b) reactive chain transfer agents having two or more abstractable atoms, c) hybrid compounds having one or 

40 more sites of unsaturatton and one or more abstractable atoms; d)amine-functlonal monomers that associate 
ionlcaliy with a base-soluble stage; or e) compounds having one or more sites of unsaturation and one or more 
nudeophilk: or electrophilic reaction sites. 

The optk>nal multi-functional monomers which are useful in polymerizing said ionically-soluble polymer are 
selected from the group consisting of : 

45 allyl-, methallyl-. vinyl-, and crotyt-esters of acrylic, methacryllc, maleic (mono- and di-esters), fumaric (mono- 
and di-esters). and itaconic (mono-and dl-esters) acids; allyl-. methallyl-. and crotyl-vinyl ether and thtoether; 
N- and N, N-di-allyl, methallyl-. crotyl- and vinyl-amides of acrylic and methacrylic acids; N-allyl-, methallyl-, 
and crotyt-maleimide; vinyl esters of 3-butenoic and 4-pentenolc acids; dlallyl benzene; diallyl phthalata; triallyl 
cyanurate; O-allyl-. methallyl-, crotyl-, 0-alkyl-. aryl-. P-vlnyl-. Pnallyl, P-crotyl, and P-methallyl-phosphonates; 

50 triallyl-, trimethallyl-, and tricrotyl-phosphates; 0-vinyl-. 0. 0-dlallyl-, dimethallyl-, and dicrotyl-phosphates; cyc- 
loalkenyi esters of acrylic, methacrylic, maleic (mono- and di-esters), fumaric (mono- and di-esters), and 
itaconic (mono- and di-esters) adds; vinyl ethers and vinyl thioethers of cycloalkenols and cydoaikene thiols; 
vinyl esters of cydoaikene carboxylic acids; 1, 3-butadiene, Isoprene and other conjugated dienes; para- 
methylstyrene; chloromethylstyrene; allyl-, methallyl-. vinyl-, and crotyl-mercaptan; bromotrlchioromethane; 

55 bromofonm; carbon tetrachloride; carbon tetrabromlde; N, N'-methylene- bis-acryiamide; ethylene glycol diac- 
rylate; diethylene glycol diacrylate; triethylene glycol diacrylate; tetraethylene glycol dlacrylate; polyethylene 
glycol diacrytate; polypropylene glycol diacrylate; butanedk)! diacrylate; hexanediol diacrylate; pentaeryttvitol 
triacrylate; trimethylolpropane triacrytate; tripropylene glycol diacrylate; neopentyl glycol diacrylate; ethylene 
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glycol dlmethacrylate; dtethylene glycol dimethacrylate; triethytene glycol dimethacrylate; polyethylene glycol 
dimethacrylate; polypropylene glycol dimethacrylate; butanedlol dinfiethacrylate; hexanediol dimethacrylate; 
trimethylolethane trlmethacrylate; trimethylolpropane trfmethacrytate; divlnyl benzene; glyddyl methacrylate; 
isocyanatoethyl methacrylate; alpha, alpha-dlmethyl-m-isopropenyl benzyl Isocyanate; chloroethyl acrylate; 
bronnoethyl acrylate; iodoethyl acrylate; chloroethyl methacrylate; bromoethyl methacrylate and iodoethyl 
methacrylate. 

The addition of the optional difunctionai unsaturated monomer (d), such as for example crotyt methacrylate, 
allyl methacrylate, and diallyl phthalate had no significant Improvement upon heat age viscosity stability or early 
blister resistance, however, improvements in viscosity stability upon colorant addition was achieved by the 
Incorporation of 0.5 percent diallyl phthalate. 

Chain transfer agents 

The monomer mixture used to polymerize the lonically-soluble polymer can contain from about 0 to about 
5% (based on the weight of said monomer mbcture) of chain transfer agents selected from the group consisting 
of afkyl-mercaptans, such as dodecyl mercaptan, t-dodecyl mercaptan, octyl mercaptan, octyl decyl mercaptan. 
telradecyl mercaptan and hexadecyl mercaptan; hydroxyethyl mercaptan; mercaptopropionic acid; methyl mer- 
captoproplonate; ethyl mercaptoproplonate; butyl mercaptoproplonate; methyl thioglyooiate; thioglycolic acid; 
ethyl thtoglycolate and butyl thioglyooiate. 

MuHstage polymer 

In the case where the polymer is a multistage polymer the lonically-soluble polymer Is physically or chemi- 
cally attached to a polymer particle such that, upon neutralizing said lonically-soluble polymer with base or acid, 
at least a portion of said lonically-soluble polymer remains attached to the remainder of said polymer particle; 
and.where said ionically-soluble polymer comprises from about 1% to about 99% by weight of said multistage 
polymer particle. In such embodiment the ionlcally-solu ble polymer stage preferably comprises from about 50% 
to about 95%, more preferably about 70% to about 90%, most preferably about 80%, by weight of said polymer 
particie. 

As described above, the ionically-soluble polymer Is base-soluble. In the case of multiple stage polymer 
particles, the polymer particles of this invention comprise at least one base-soluble polymer stage and at least 
one base-insoluble polymer stage, wherein the weight ratio of said base-soluble polymer to said base-insoluble 
polymer Is about 99:1 to about 1:99; more preferably about 95:5 to about 50:50. In such embodiment each of 
the polymer stages of the polymer particles is sequentially polymerized and, as used herein, the tenm "stage" 
refers to the polymer formed during each sequence of polymerization. Each stage is also defined as being dif- 
ferent firom the Immediately proceeding and/or immediately subsequent stage by a difference of at least 0.1% 
by weight In monon^r composition. The polymer particles may be prepared by a variety of processes which 
are well known in the art, such as suspension, emulsion, dispersion, bulk or solutton polymerization. Preferably 
the multi-stage polymer particles of this invention are prepared by emulston polymerizatton. Reference can be 
made to U.S. Patent No. 4,427,836 for examples of specific process conditions. 

The multistage polymer particle preferably comprises at least one polymer stage which is base-Insoluble 
and at least one polymer stage which is base-soluble. " Base-insoluble" as used herein means that the polymer 
is substantially insoluble in aqueous medium which has been adjusted with base to a pH of about 5.0 or greater. 
The base-Insoluble stage has a particle size of 0.1 to about 5000 nanometers. 

The composition of the multistage polymer stages, other than the ionically-soluble stage, is not critical and 
can be of any polymeric composition. Preferably, the polymer particles have at least one base-insoluble polymer 
stage which is polymerized firom a monomer mixture comprising about 1% to about 100% by weight mono- 
ethylenically-unsaturated monomer and about 0% to about 99% by weight multi-functional compounds (more 
preferably firom about 70 to 99.9% by weight monoethylenlcally-unsaturated monomers and 0.1% to 30% by 
weight multi-functional compounds). More preferably, said mono-ethylenlcally-unsaturated monomers are 
selected from the group consisting of methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acfylate. decyl 
acrylate, hydroxyethyl acrylate, hydroxypropyl acrylate, hydioxybutyl acrylate, methyl methacrylate, ethyl 
methacrylate, butyl methacrylate, hydroxyethyl methacrylate, hydroxypropyl methacrylate, hydroxybufyl 
methacrylate, acrylonitrile, methacrylonitrile. acrylic acid, methacryllc acid, itaconic acid, maleic acid, fumaric 
acid, crotonic add, acrylic anhydride, methacryllc anhydride, maleic anhydride, itaconic anhydride, fumaric 
anhydrkie» styrene, substituted styrene, vinyl acetate, vinyl butyrate, vinyl caprolate, acrylamlde, methao- 
lylamkle, butadiene, isoprene, vinyl chloride, vinylidene chloride, ethylene, propylene and other Ci-Cis alkyt 
or hydroxyalkyi acrylates. methacrylates, fumarates, maleatesorcrotonates. The base-insoluble polymer stage 
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can contain from about 0 to about 5% (based on weight of ntonomer) of chain transfer agents selected from 
the group consisting of alkyl-mercaptane such as dodecyl mercaptan, t-dodecyl mercaptan, octyl mercaptan, 
tetradecyl mercaptan, hexadecyl mercaptan and octadecyl mercaptan; hydroxyethyi mercaptan; mercaptop- 
ropionic acid; ethyl mercaptopropionate; methyl mercaptopropionate; butyl mercaptopropionate; thioglycolic 

5 acid; methyl thioglycolate; ethyl thioglyoolate and butyl thioglycolate. 

Multi-functional compounds as used herein means a)compounds having two or more sites of unsatui^tion; 
b)reactive chain transfer agents having two or more abstractabie atoms; c)hybrid compounds having one or 
more sites of unsaturation and one or more abstractabie atoms; d)amine-functional monomers that associate 
ionically with a base-soluble stage or ; e) compounds having one or more sites of unsaturation and one or more 

10 nucleophlllc or electrophillc reaction sites. Preferably the multi-functional compounds used to polymerize said 
base-insoluble polymer stage are selected from the group consisting of ally!-, methallyt-, vinyl-, and crotyl-esters 
of acrylic, methacrylic, maleic (mono-and di-esters). fumaric (mono-and di-esters), and itaconic (mono- and dl- 
esters) acids; allyl-, methallyl-, and crotyl-vinyl ether and thioether, N- and N. N-diallyl-methallyf-. crotyt-and 
vinyi-amides of acrylic and methacrylic acids; N-allyl-, methallyl-. and crotyl-maleimlde; vinyl esters of 3-bute- 

15 noic and 4:pentenoic acids; dialtyl benzene, dialiyi phthalate; triallyl cyanurate; 6-allyK methallyl-, crotyt-, O- 
alkyl-, aryl-, P-viny»-, P-aiiyl. P-crotyl-, and P-methallyl-phosphonates; triallyl-, trlmethallyl-, and 
tricrotyl-phosphates; O-vinyl-, 0. 0-diallyi-, dimethaliyl-, and dicrotyl-phosphates; cycloalkenyl esters of acrylic, 
methacrylic, maleic (mono-and di-esteis), fumaric (mono-and di-esters). and itaconic (mono- and di-esters) 
acids [such as dicydopentenyloxy- ethyl (meth) acrylate and dicydopentenyi (meth) acrylate]; vinyl ethers and 

20 vinyl thioethers of cydoalkenols and cycloalkene thiols; vinyl esters of cydoalkene carboxyllc acids; 1 . 3-bu- * 
tadiene, isoprene and other conjugated dienes; para-methylstyrene; chloromethylstyrene; allyl-, methallyl-, vi- 
nyl-, and crotyl-mercaptan; bromotrichloromethane; bromofomi; carbon tetrachloride; carbon tetrabromlde; N, 
N'-methylene- bis-acrylamlde; ethylene glycol diacrylate; diethylene glycol diacrylate; triethylene glycol diao- 
rylate; tetraethylene glycol diacrylate; polyethylene glycol diacrylate; polypropylene glycol diacrylate; 

25. butanediol diacrylate; hexanediol diacrylate; pentaerythritol triacrylate; trimethylolpropane trlacryiate; trip- 
ropylene glycol diacrylate; neopentyl glycol diacrylate; ethylene glycol dimethacrylate; diethylene glycol 
dimethacrylate; triethylene glycol dimethaciytate; polyethylene glycol dimethacrylate; polypropylene glycol 
dimethacrylate; butanediol dimethacrylate: hexanediol dimethacrylate; trimethytolethane trimethacrylate; 
trimethylolpropane trimethacrylate; divinyl benzene; N, N-dimethylamino ethyl acrylate; N. N-dimethylamino 

30 ethyl methacrylate; N, N-diethylamino ethyl acrylate; N, N-dlethylamino ethyl methacrylate; N-t-butylamino ethyl 
acrylate; N-t-butylamIno ethyl methacrylate; N, N-dimethylamino propyl acrylamWe; N, N-dinrtethylamino propyl 
methacrylamide; N, N-diethylamino propyl acrylamide; N. N-diethylamino propyl methacrylamide; p-aminos- 
tyrene. N, N-cydohexylaitylamlne; 3-N, N-dimethylamino neopentyl acrylate: 3-N. N-dimethylamIno neopentyl 
methacrylate; diallylamine; dimethallylamtne; N-ethyl dimethallylamine; N-ethylmethallylamlne; N-methyldlal- 

35 lylamtne; 2-vinylpyrldlne; 4-vinyl- pyridine; glyddyl methacrylate; isocyanatoethyl methacrylate; alpha, alpha- 
dimethyl-m-lsopropenyl benzyl isocyanate; chloroethyl acrylate; bromoethyl acrylate; iodoethyl acrylate; 
chloroethyl methacrylate; t»romoethyl methacrylate and iodoethyl methacrylate. 

In preparing the multi-stage polymer particles of the present invention, the lonlcaRy-irisoluble polynter stage 
can be polymerized first and subsequently the lonically-soluble polymer stage is polymerized in the presence 

40 of the ionically-insoluble polymer stage. Alternatively, the lonically-soluble pdymer stage can be polymerized 
first and subsequently the ionically-insoluble polymer stage is polynierized in the presence of the lonically-solu- 
ble pblynrter stage (I.e. inverse polymerization); due to the hydrophobicity of the ionically-insoluble polymer. It 
becomes one or more domains within the tonically-soluble polymer. A further technique for preparing the mul- 
ti-stage polymer partides Involves polymerization of the ionically-insoluble polymer stage, addition of multi- 

45 functional compounds which are allowed to soak into said ionically-lnsduble polymer, polymerization of said 
multi-functtonal compounds, and subsequent polymerization of said ionically-soluble polymer stage. 

The ionically-soluble polymer is physically or chemically attached to the polymer partide such that, upon 
neutralizing said bnically-soluble polymer (with either a base in the case of a base-soluble polymer or an acM 
in the case of an acid-soluble polymer) a significant portion (i.e. about 0.5% by weight or greater) of the ioni- 

50 cally-eoluble pdymer remains attached to the remainder of the polymer particle. Physically or chemteally 
attached as used herein means attachment by Van der Waals or London forces, ionic bonding, oovalent bond- 
ing, hydrogen bonding, chain entanglement or any other means. Preferably the lonically-soluble polymer is 
chemically grafted to the polymer partide using one or more of the multi-functional compounds described below. 
Chemical grafting results in permanent attachment of a portion of the ionically-soluble polymer to the pdymer 

55 particle and results in improved stability toward alcohols/solvents, colorants and other additives. 

The fbllowing multi-fiinctional compounds may be useful to graft saki ionically-soluble polymer stage to saM 
k)nically-insolubte pdymer stage wherein said ionically-insoluble polymer stage Is polymerized initially and saki 
ionically-soluble polymer stage is subsequently polymerized: atlyl-, methallyl-, vinyl, and crotyl-estere of acrylic. 
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methacrylic, maleic (mono- and di-esters), funrtaric (mono- and di-esters), and itaconic (mono- and di-esters) 
acids; allyK methallyl, and crotyl-vinyl ether and thioethen N- and N, N-dl-allyK methallyl-, crotyl, and vinyl- 
amides of acrylic and methacrylic acids; N^llyl-, metlialiyi, and crotyl-maleimide; vinyl esters of 3-butenoic and 
4-pentenolc acids; dially! benzene, diallyl phthalate; triaflyl cyanurate; O-allyt-.methallyl-, crotyl-, O- allcyl-, aryl-. 
P-vlnyl-, P-a!lyt. P-crotyl-. and P-methallyi-phosphonates; Iriallyl-. trimethallyl-. and tricrotyl-phosphates; O-vl- 
nyl-, O, 0-diallyl-, dimethallyl-, and dicrotyl-phosphates; cycloalkenyl esters of acrylic, methacrylic, maleic 
(mono- and di-esters), fumaric (mono- and di-esters), and itaconic (mono- and di-esters) acids; vinyl ethers and 
vinyl thioethers of cycloalkenols and cydoaUcene thiols; vinyl esters of cycloalkene carboxyiic acids; 1. 3-bu- 
tadiene, Isoprene and other conjugated dlenes; paramethylstyrene; chloromethylstyrene; ally!-, methallyl-. vi- 
nyl-, and crotyl-mercaptan; bromotrichioronriethane; bromofomfi; carbon tetrachloride; carbon tetrabromide; 
glycldyl methacrylate; isocyanatoethel methacrytate; alpha, alpha-dimethyl-m-lsopropenyt benzyl isocyanate; 
chloroethyi acrylate; bromoethyl acrylate; lodoethyl acrylate; chloroethyl methacrylate; bromoethyl methacry- 
late and lodoethyl methacrylate. The multi-lunctional compounds listed above are polymerized as part of and 
during the polymerization of said ionically-insoluble polymer stage. 

The following multi-functional compounds are useful for grafting wherein said ionically-insoluble polymer 
stage is polymerized first, followed by the addition of multi-functional compounds which are allowed to soak 
into said ionically-insoluble polymer, and subsequent sequential polymerization of said multi-functional com- 
pounds and said lonically-soluble polymer stage, respectively: N, N-methylene-bls-acrylamide; ethylene glycol 
diacrylate; diethylene glycol dlacrylate; triethylene glycol diacrylate; tetraethylene glycol diacrylate; 
polyethylene glycol diacrylate; polypropylene glycol diacrylate; butanediol diacrylate; hexanediol diacrylate; 
pentaerythritol triacrylate; trimethylolpropane triacrylate; tripropylene glycol triacryiate; neopentyl glycol diac- 
rylate; ethylene glycol dlmethacrylate; diethylene glycol dimethacrylate; triethylene glycol dimethacrylate; 
polyethylene glycol dimethacrylate; polypropylene glycol dimethacrylate; butanedbl dimethacrylate; 
hexanediol dimethacrylate; trinrtethylolethane trimethacrylate; trimethylolpropane trimethacrylate; divinyl ben- 
zene; aliyi-, methallyl-, vinyl, and crotyl-esters of acrylic, methacrylic, maleic (mono- and dl-esters), fumaric 
(mono- and di-esters), and itaconic (mono- and di-esters) acids; allyl-. methallyl, and crotyl-vlnyl ether and 
thtoethen N- and N, N-di-allyl-, methallyl-, crotyl-, and vinyl-amides of acrylic and methacrylic adds; N-allyl-, 
methallyl, and crotyl-maleimide; vinyl esters of 3-butenoic and 4-pentenoic acids; diallyl benzene, diallyl phtha- 
late; triallyl cyanurate; O-allyl-, methallyl-. crotyl-, O-alkyI-, aryl-, P-vlnyl-, P-allyl. P-crotyK and P-methallyl- 
phosphonates; triallyl-, trimethallyl-, and tricrotyl-phosphates; 0-v(nyl-, O, 0-diallyl-, dimethallyl-, and 
dicrotyl-phosphates; cycloalkenyl esters of acrylic, nDethacrylic, maleic (mono- and di-esters), fumaric (mono- 
and di-esters), and itaconic (mono- and di-esters) acids; vinyl ethers and vinyl thioethers of cycloalkenols and 
Oydoalkene thiols; vinyl esters of cydoalkene carboxyiic acids; 1, 3-butadiene, isoprene and other conjugated 
dienes; glycidyl methacrylate; isocyanatoethyl methacrylate; alpha, alpha-dimethyl-m-isopropenyl benzyl Iso- 
cyanate; chloroethyl acrylate; bronftoethyl acrylate; lodoethyl acrylate; chloroethyl methaciylata; bromoethyl 
methacrylate; lodoethyl methacrylate. 

The following multi-functtonal compounds are useful for grafting wherein said lonically-soluble polymer 
stage is initially polymerized along with said multi-functional compounds and subsequently said ionically-insolu- 
ble polymer stage is polymerized (inverse polymerization): ally!-, methallyl-, vinyl, and crotyl-esters of acrylic, 
noethacrylic, maleic (mono-and di-esters), fumaric (mono- and di-esters), and Itaconic (mono- and di-esters) 
acids; allyl-, methallyl, and crotyl-vinyl ether and thioether, N- and N, N-dl-allyt-, methallyl-, crotyl, and vinyl- 
amides of acrylic and methacrylic acids; N-allyl-, methallyl, and crotyl-maleimide; vinyl esters of 3-butenoic and 
4-pentenoic acids; diallyl benzene, diallyl phthalate; triallyl cyanurate; O-allyl-. methallyl-. crotyl-. O-alkyI-. aryl-, 
P-vinyl-, P-allyt-, P-crotyl-, and P-methallyl-phosphonates; triallyl-, trimethallyl-, and tricrotyl-phosphates; 0-vi- 
nyl-, O, 0-diailyl-, dimethallyl-, and dicrotyl-phosphates; cydoalkenyl esters of acrylic, methacrylic. maleic 
(mono -and di-esters). fumaric (mon- and di-esters), and itaconic (mono- and di-esters) adds; vinyl ethers and 
vinyl thkiethers of cydoaikenols and cydoalkene thiols; vinyl esters of cydoalkene carboxyiic acids; 1. 3-bu- 
tadiene, isoprene and other conjugated dienes; para-methylstyrene; chloromethylstyrene; allyl-, methallyl-, vi- 
nyl-, and crotyl-mercaptan; bromotrichloromethane; bromoform; carbon tetrachloride and carbon tetrabromide. 

The following multi-functional compounds are useful for grafting wherein said lonically-soluble stage Is Ini- 
tially polymerized and subsequently the ionidally-insohjble stage is polymerized along with said multi-functlonal 
compounds (inverse pdymerizatlon): N. N-dimethylamino ethyl acrylate; N, N-dlmethylamIno ethyl methacry- 
late; N. N-diethylamino ethyl acrylate; N. N-diethylamIno ethyl methacrylate; N-t-butylamIno ethyl acrylate; N- 
t-butylamino ethyl methacrylate; N. N-dimethylamino propyl acrylamide; N. N-dimethylamino propyl methac- 
rylamide; N, N-diethylamino propyl acrylamide; N, N-dlethyiamino propyl methacrylamide; p-amlnostyrene; N, 
N-<^dohexylallylamine; 3-N. N-dimethylamino neopentyl acrylate; 3-N, N-dlmethylamino neopentyl methacry- 
late; dlallylamine; dimethallylamine; N-ethyl dimethallylamine; N-ethylmethallylamine; f4-methyldiallylamine; 2- 
vlnylpyridine; 4-vinylpyridine. 
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The multi-functional compounds listed below are useful for grafting wherein said ionlcally-soluble stage Is 
Initially polymerized and subsequently said ionlcaily>insoluble stage is polymerized (inverse polymerization). 
These multi-functional compounds can be polymerized in either said ionically-soiubte or ionicaliy-insoiuble 
stages: glycidyl methaciylate; isocyanatoethyl methacrylate; alpha, alpha-dimethyl-m-tsopropenyl benzyl Iso- 

5 emanate; chloroethyt acrylale; bromoethyl acrylate; lodoethyl acrylate; chloroethyl methacrylate; bromoethyl 
methacrylate; iodoethyl methacrylate. 

The most prefenred multi-functional compounds for grafting In the inverse polymerization techniques are 
the crotyl-esters of acrylic, methacryllc, maleic (nriono- and dl-esters), fumaric (mono- and di-esters), and 
itaconic (mono- and di-esters) acids (such as crotyl methacrylate): crotyi-vinyl ether and thioether; N-di-crotyl- 

10 amides of acrylic and methacryllc ackis; N-crotyl-maleimlde; O-crotyl-, P-crotyi-phosphonates; tricrotyl-phos- 
phates; dicrotyl-phosphates; cycloalkenyt esters of acrylic, methacrylic, maleic (mono- and di-esters), fumaric 
(mono- and di-esters), and itaconic (mono- and di-esters) acids (such as dicyclopentenyloxyethyl-methacrylate, 
dicydopentenyl acrylate, dl^opentenyl methacrylate); vinyl ethers and vinyl thioethers of cycloalkenols and 
cydoalkene thiols; vinyl esters of cycloalkene carboxylic adds; and crotyt-mercaptan. The mutti-lunctional conv 

IS pounds listed above are polymerized as part of and during the polymerization of said ionlcally-soluble polymer 
stage. 

The thickener polymers and multistage partides of this invention are useful in a wide varied of applications. 
The polymers are useful either in dried form or as an emulsion of the polymer partides in an aqueous medium. 
The polymer partk:les are preferably used as an aqueous emulsion composition or added to water-containing 

20 compositions wherein in either case the ionicaily-soluble polymer Is neutralized and substantially dissolved with 
either a base or an acid; except that a portion of said bnically-sotuble polymer remains attached or assodated 
with the Insoluble polymer stage(s). Based on equivalents of carboxylte acid in the base-soluble polymer, pref- 
erably about 0.8 to about 1.5 equivalents of base are introduced to said composittons to neutralize the base- 
soluble polymer. The neutralized base-soluble polymer is dissolved In the aqueous medium, but a significant 

25 portion remains attached to the remainder of the polymer partide. 

Any base may be used to neutralize said base-soluble polymer , but is preferably selected from the group 
consisting of ammonium hydroxide, potassium hydroxide, sodium hydroxkle, lithium hydroxide, triethylamlne, 
triethanblamine, monoethanolamine. 2-amino-2-methyl-1-propanol and dimethylaminoethanot. 

The polymer partides are useful in a method of thickening water-containing compositions (preferably con- 

30 talning about 20% by weight water or greater) by incorporating the polymer partides therein and neutralizing. 
The base-soluble polymer is neutralized with base by adjusting the pH of the compositions to about 5.0 or gre- 
ater. The acid-soluble polymer is neutralized with add by adjusting the pH of the composition to about 9.0 or 
iess. The amount of the polymer partides used as a thickener depends upon the particular application, but Is 
generally used in an amount of from about 0.1% to about 20% by weight of the total conDposition. The compo- 

35 sitions to be thickened using the polymer particles of this Inventbn can contain many additional ingredients 
such as pigments, fillers, extenders, surfactants, stabilizers, bioddes and the like. 

In another aspect, the present invention provides a method of improving the early blister resistance of 
aqueous-based coatings comprising adding to said aqueous-based coating formulatton an Improved polymeric 
thk:kener containing one or more polymer stages wherein: 

40 at least one of said polymer stages is an ionically-soluble polymer, said ionically-soluble pdymer being 
polymerized from a monomer mixture comprising: 

a) from about 0.1 to about 55% by weight of at least one first hydrophobic monomer , 

b) from about 10 to about 60% by weight (C3-C30) ethylenically-unsaturated, lonizable monomer, and 

c) from about 30 to about 90% by weight nonionic (C2-C30) ethylenically-unsaturated monomer, 

46 the improvement being characterized in that from about 10 to 100 weight % of sakl nonionic (C2-C30) 
ethylenlcally unsaturated nnonomer (c) comprises at least one second hydrophobic monomer selected from the 
group consisting of styrene. butyl acrylate. ethylhexyl acrylate. lauryl acryfate,stearyl acrylate. methyl methac- 
rylate. butyl methacrylate, and mixtures thereof, and where the concentration of said thickener In said aqueous^ 
based coating is from about 0.1 weight percent to about 20 weight percent thickener on the weight of sakJ 
60 aqueous-based coating. 

In another aspect, the present inventton provides a method of improving the viscosity stability of an 
aqueous-based coating comprising adding to said aqueous-based coating an effective annount of the Improved 
polymeric thickener of daim 1. 

In another aspect, the present invention provkies a method for Improving the viscosity stability upon heat 
55 aging and colorant addition of an aqueous-based coating comprising adding to said coating an effective anKHjnt 
of the improved thickener of claim 1 wherein said second hydrophobic monon>er (c) is seiected from the group 
consisting butyl acrylate. styrene. ethylhexyl acrylate, lauiyl acrylate. and mixtures thereof. 

In another aspect, the present invention provides a method for improving the viscosity stability of an 
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aqueous-based coating upon colorant addition comprising adding to said aqueous-based coating an effective 
amount of the improved thickener of claim 1 wherein said second hydrophobic monomer (c) is stearyl acrylate. 

In another aspect, the present invention provides a method for improving the heat age stability of an 
aqueous coating comprising adding to said coating an effective amount of the improved thickener of claim 1 
5 wherein said second hydrophobic monomer (c) is selected from the group consisting of butyl methaciytate and 
methyl methacrylate. 

In yet another aspect, the present invention provides the use of the polymeric thickener In the above 
methods* 

The following examples are presented to demonstrate this invention. The examples are Intended In an lllus- 
10 trath^e, but not limitative, sense. All parts and percentages are by weight unless otherwise Indicated. 
The following abbreviations are used In the Examples: 





BA 


= butyl acrylate 




MMA 


= methyl methacrylate 




ALMA 


= allyl methacrylate 


15 


MAA 


= methacrylic acid 




EA 


- ethyl acrylate 




MA-20 


s methacrylate ester of a 20 mole ethoxylate of cetyl-stearyl alcohol 




D.l. water 


= delonlzed water 




CrMA 


» crotyl methacrylate 


20 


CPS 


s centipoise 




DPH 


s diallyl phthalate 




BMA 


= butyl methacrylate 




ST 


= styrene 




Cr-20 


= crotyl ester of a 20 mole ethoxylate of cetyl-stearyl alcohol 


25 


Al-20 


B allyl ester of a 20 mole ethoxylate of cetyl-stearyl alcohol 




TMI-20 


s alpha, alpha-dlmethyl-m-isopropenyl benzyl Isocyanate adduct with a 20 mole ethoxylate of ce- 
tyl-stearyl alcohol 




DDM 


s dodecyl mercaptan 




EHA 


= 2-ethylhexyl acrylate 


30 


LA 


» lauryl acrylate 




SA 


= stearyl aoylate 




IT-20 


= itaconate half ester of a 20 mole ethoxylate of cetyl-steaiyl alcohol 



Example IzComparative example:Monomer (c )l8 EA 

35 

A stirred reactor containing 1,600 g of deronlzed (D.l.) water, and 28 g of 28 wt% sodium lauryl sulfate sol- 
utton (in water) was heated to 80 deg. C. under nitrogen. Next 70 g of the monomer emulsion (M.E.) shown 
below, was added to the reactor followed by 0.95 g of ammonium persulfate dissolved in 35 g of D.l. water, 
and a 25 g D.l. water rinse. After 10 minutes, the remainder of the M.E. and the cofeed Initiator (shown below) 

40 was added to the reactor over 210 minute period while maintaining the reactor temperature at 80 deg. C. A 
100 g D.l. water rinse was used to flush the feed lines at the end of the reaction and the water added to the 
kettle. After a 30 minute hold (at 80 deg. C.) the solution was cooled to 60 deg. C. and residual unreacted mono- 
mers were polymerized by the additton of a redox initiator system in water at 60 degrees C. for an additional 
15 minutes. The final product had a solids content of 32.3%. a Brookffietd viscosity of 10 centlpoises (cps). and 

45 a pH of 2.7. When 6.2 g of this material was mixed with 0.8 g of 50 wt% NaOH and 193.0 g of D.l. water the 
resulting mixture had a viscosity of 1 12 cps (Brookfield viscometer, 30 rpm). When 12.4 g of this material was 
mbced with 1.7 g of 50 wt% NaOH and 186.0 g of D.l. water the resulting mixture had a viscosity of 10,460 cps 
(30 rpm). 



55 
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M.E, 

D.I. Water 585.0 g 

Sodium Lauryl Sulfate (28 wt%} 38.8 g 

MAA 535.7 g 

EA 625.0 g 

MA-20 (70 wt% Solution in MAA) 89.3 g 

DDM 2.5 g 

Cofeed Initiator 
D.L Water 118.0 g 

Ammonium Persulfate 1.3 g 



Examples 2-8: Butyl Acryiate : Monomer (c) 

Each of the following samples were made by the method described In Example 1 above with the compo- 
sitions shown in Table 1 below. 

TABLE 1- BA LADDER 



Monomer 



Example 
# 


(0 

EA 


BA 


(a) 

MAA 


(d) 

MA-20 


DDI 


2 


45 


5 


45 


5 


0.20 


3 


40 


10 


45 


5 


0.20 


4- 


30 


20 


45 


5 


0.20 


5 


25 


25 


45 


5 


0.20 


6 


20 


30 


45 


5 


0.20 


7 


10 


40 


45 


5 


0.20 


8 




50 


45 


5 


0.20 



Examples 9-14 Aitemate Monomers (c) 

Alt of the the following thickeners ( examples 9-14) were made by the method described In Example 1 above 
with the compositions shown In Table 2. 
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TABLE 2 



Monomer(c) 

Examples EA Alternate MAA MA-20 DDM 

# . Monomer ■ 



9 






25 


25 ST 


25 




0.20 






10 






25 


25 


EHA 45 




25 




0.20 


11 






25 


25 


BMA 45 




25 




0.20 


12 






25 


25 


MMA45 




25 




0.20 


13 






25 


25 


LA 


45 




25 




14 






25 


25 


SA 


45 




25 





Examples 15-20 Monomer (d) 

The following examples were prepared according to the method descrlt>ed In Example 1 
utnizlng various optional multifunctional monomers (d) and having the compositions shown below In Table 3. 



Table 3 





Monomer (c) 


Monomcrfb) 








m DDM 
















EA 


BA 


MAA 


MA-20 






15 


24.90 


25 


45 


5 


0.1 CrMA 


0.2 


16 


24.75 


25 


45 


5 


0.25 CrMA 


0.2 


17 


24.95 


25 


45 


5 


0.05 ALMA 


0.2 


18 


24.75 


25 


45 


5 


0.25 ALMA 


0.2 


19 


24.90 


25 


45 


5 


aiO DPH 


0.2 


20 


24.50 


25 


45 


5 


050 DPH 


0.2 



E xamples 21-24 First Hydrophobic Monomer (Monomer (a)) 

The following examples were prepared according to the method described in Example 1 utilizing various 
first hydrophobic monomers (monomer (a)) and having the compositions shown in Table 4, 
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Table 4 

Examples Hydrophobic Monomer fa^ Monon^ 
iSl MonomeKh) DDM 









M 


MAA 




21 


4.9 Al-20 


25.1 


25 


45 


0^ 


22 


5.6 TMI-20 


24.4 


25 


45 


0.2 


23 


5.0&-20 


25.0 


25 


45 


0.2 


24 


5.1 IT-20 


24.9 


25 


45 


0.2 



16 Examples 25 - 47 Performance Properties 
Test Methods 

Each sample was characterized for its thickening efTiciency, viscosity stability when subjected to heat 
20 aging, viscosity stability upon addition of colorant, and early blister resistance by the following test methods.. 

Each paint was thickened to target viscosity of 85 Krebs Units (KU) and a pH of 9.5 adjusted with ammonium 
hydroxkie and the amount of thickener was recorded. The efficiency of the thickener was recorded as the solkl 
lbs. of thickener per 100 gallons of paint that would have been required to reach the target KU. The equilibrated 
KU and ICI viscosity of each sample was measured after3 to 5 days. Prior to measuring the equilibrated vis- 
25 cosity, the samples were sheared for 5 minutes on a Red Devil paint mixer, a film of each paint was then cast 
with a 3 mil bird applicator over a Leneta 5C opacity chart and dried for 3 days at 77** F and 50% relative humidity. 
The to 60'' gloss of the dried fDm was then evaluated. 

The heat-age viscosity stability was determined by subjecting approx. 250 g of the paint, In a 1/2 pL paint 
can. to storage at eO'^C for 10 days. After the samples were allowed to cool to room temperature, the KU vis- 
30 cosity of paint was evaluated after hand shearing and shearing for 5 min. on the Red Devil shaker. The vlscosi^ 
stability is rated by the difference In KU viscosity between the heat-aged sheared and equilibrated sheared 
values. 

Viscosity stability upon colorant addition was evaluated by measuring the KU viscosity drop that occurred 
after the addition of an equivalent of 8 oz. of pthalo blue colorant per gallon of paint. 

35 To evaluate the early water sensitivity of the paints, two coats applied to a chalky acrylic substrate (F-6 
formulation weathered to an ASTM rating of 5 based on the pictorial standards of n^ethod D659-88) by brush 
with a 6 hour dry period between coats. After the second coat, he substrate was allowed to further dry overnight. 
All operations were performed at 77"" F and 50% relative humidity. After drying, the substrate was then subjected 
to a mist/fog of deionlzed water and the formation of blister defects were rated as a function of time. Blisters 

40 were rated both by the size of Individual blisters and by their surface coverage using the ASTM pictorial standard 
ASTM D-714. Since the test is dependent on both the variation of the naturally weathered substrate and the 
subjectivity of the rating, only relative comparisons can be made and only within an experimental series. 

Acrylic semi-^loss paints having 29.8% pigment volume content (P VC) and 34.8% volume solids were prep- 
ared utilizing the thtekener samples of the inventbn. The composition of the paint fonnnulatlon Is shown in Table 

45 5 and the performance of these paint samples are reported in TabieG. 



50 
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Tables 

Acrylic Paint Test Formulations (1069.99 pounds/ 100 gallons) 



Material Pounds 

Propylene glycol 70.00 

Tamol SG-1 (35%) 12.00 

Foamaster VL I.OO 

Water 45.00 

Ti-Pure R-900 210.00 

ASP-170 88.00 

Water 5O.OO 

Acrylic Binder 378.00 
(Rohm and Haas Company 
RhopIexTM.AC64) 

Texanol 11.40 

Foamaster VL 3.OO 

Nuosept 95 2.00 

Aqueous Ammonia (28%) 1.80 

Sample Thickener /water 197.79 
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Claims 



5 1. An polymeric thickener containing one or more polymer stages wherein: at least one of said polymer stages 
is an ionicaIiy>soluble polymer, said ionically«soluble polymer t>eing polymerized finom a monomer mixture 
comprising: 

a) from 0.1 to 55%, preferably 2 to 20%, by weight of at least one first hydrophobic monomer , 

b) from 10 to 60% by weight {C3-C30) ethylenically-unsaturated. lonirable monomer, and 

10 c) from 0.1 to 90%, preferably 10 to 90% by weight nonionic (CrCao) ethylenically-unsaturated mono- 

mer, wherein from 50 to 100 weight % of said nonionic (Cr-O^) ethylenlcally unsaturated monomer (c) 
comprises at least one second hydrophobic monomer selected from the group consisting of styrene, 
butyl acryiate, ethylhexyl acrylate, lauryl acrylate. stearyt acrylate, methyl methacrylate, butyl methao- 
rylate, and mixtures thereof. 

15 

2. A polymeric thickener as claimed in daim 1 , wherein said ionlcally-soluble polymer is polymerized from a 
monomer mixture further comprising (d) from 0 or up to 10 %by weight on total monomer weight of one or 
more multifunctional monomers. 

20 3. A polymeric thickener of as claimed in claim 1 or claim 2, wherein said ionlcally-soluble polymer further 
comprises 0 or up to 5%, based on the weight of said monomer mixture, of one or more chain transfer agents 
selected from the group consisting of alkyl-mercaptans, hydroxyethyi mercaptan. mercaptopropionic acid, 
methyl mercaptopropionate, ethyl mercaptopropionate, butyl mercaptopropionate,methyl thloglycolate. 
thioglyoolic add, ethyl thtoglyoolate and butyl thiogtyoolate. 

25 

4. A polymeric thickener as daimed In any one of the preceding dalms, wherein said thickener is a multistage 
polymer and wherein said tonically-soluble polymer comprises from 1 to 99 weight percent of said multis- 
tage polymer. 

30 5. A polymeric thickener as daimed in any one of the preceding dalms, wherein sakj firet hydrophobic mono- 
mer (a) comprises at least one monomer having the fonmula 



[Rr(A)a.(CH2CHO)b-(CH2CH20MCH2CHO)d-CH2CH Je-X 
35 ' II 

R2 R4 



where A is -O-, -S-, -N-, -C-N-, -C-0-, -C-Oor -0-C-0-; 

I M I II II 
R5 OR5 O O 



Ri Is (Ct-Gao) alkyi, a (mono-,dKor tri-) (Ci-Cao) alkyl-subsUtuted phenyl ring, or a sorbltan fatty ester; 
45 R5 is H, (CrCjo) alkyl. a (mono-,di-,or tri-) (C1-C30) alkyl-substltute phenyl ring, or a sorbltan fatty ester; 

R2, R3 and R4 independently are -H or (Ct-C^o) alkyl, aryl or alkylaryl; 

a is 0 or 1; 

bIsOtoSO; 

c Is 0 to 150; 
50 d is 0 to 50; 

e is equal to or greater than 1, and 

X Is a group containing at least one ethylenic double bond. 



6. A polymeric thickener as daimed In any one of dalms 1 -5 wherein said (C3-C30) ethylenically-unsaturated. 
55 ionlzable monomer (b) Is a carboxylic acid monomer. 

7. A polymeric thickener as daimed in claim 6 wherein said carboxylic acid monomer (b) has the chemical 
formula: 
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R6CH=C-CCX)H 

I 

R7 

where Re is -H. -CH3 or COOY; R7 is -H. (C1-C4) alkyi or -CH2COOY; and Y is -H or 
(Ci ^10) alkyl. 

Use of a polymeric thickener, as ciaimed in any one of the preceding daims, in an aqueous based coating, 
for improving early blister resistance, viscosity stability and/or heat age stability of the coating. 
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